A speclfH: popul atIo n of neurons In the nucleus of the 0rtlc tract (NOT) and the dorsal te rminal nucleus of the accessory o ptlC tract (DTN) In the pretectum of mammals I~ mvolved 10 the cont rol of hOTlzontal optokmeuc nys t agmus~ f> I() t~ 13 If> 23 30 These neuro ns recetve a vIsual proJeetloll malnly from the tOIltralateral eye 1 26 as well as from the lpstlate ral visua l cortex 1734 a nd they 1Il turn prOJect to Ihe tpsllatera l dorsal cap of the Infenor olive (10) 142833 The outstandmg prope rt y of these NOT and DTN ne urons tS thelr d treclto nall y speclflc response 10 le mpora l 10 nasal movement of fu ll-ft e ld vtsual sttmuh presentcd to the contralateral eye 4 ~ tO t: 13 The resuhs of pharmacologlca l expe rimen ts ">uggesl that y-amtnobutyrte aCId (GA BA) plays a n Im portalll role tn the mlllatto n 01 dlreclto n speclflctly tn cells of the re lma and vlsua l co rt ex 1~"111 Inhl bltory GA BAergic ce lls may lIbo shape the prete rred dlrectlOn of dlrecllOnal ce lls tn the NOT or med iale Ihelr tnhl blllOn caused by mo"eme nt tn Ihe no n-prcferred d trcctlon Rece nt lmmunoeylochcm tcal stud les havc shown Ihe prese nee uf ne urons wlth1l1 Ihe NOT and DTN tn a nu mber of mammals thaI use GA BA as a ncurolransmltter Y l~ ~1 1: 35 In Ihe preselll study we Invesugaled the pOSSlbJe structural basIs for a dlrecllOn se lectlve mecha msm III Ihe NOT and DTN by deie rmmmg whelhe r neurons pTOJeCIlllg 10 the 10 are contacled by GA BAcrgic lermmals We used thc ret rograde axonal transport ot ho rserad lsh pe roXidase (H RP) to label NOT and DTN neurons. and combmed HRP hlstoche mlslry wlth subseque nt Immullocylochemlcdl me thods for Ihe localtzatlo n of GABA Four pIgmented rats, IwO normally plgmenled cats and two mon keys (Macoca mululla) were used FOT Ihe stereolaxlC tnJectlO1I of HRP each anlm al was deepl} a n e~thet l ze d Rats were glvcn a smgle dose of Nembuta l (5 mg/WO g) a nd cal~ as weil as monkeys were glven an tnlt ml s u bc utan eo u~ tnJect to n of ketamme (20 mg/kg) tn combmlltlon wll h Ro mpun (0 05 ml/kg), fo llowed by subsequent dosts of ketamme ( 10 mg/kg) I v glven as needed dunng surgc ry The cats and mo nkeys were Ifltubated and aTllflclally venlil ated wlth a mixt ure of N20/0~ (3 1) 10 mamta m adeq uate ane.,thesl3
Each ammal was subsequcntly placed m an appropnate stereotaxlc mstrument To approach Ihe 10 10 rats and cals. the foramen magnum was enlarged anel thc durd exclsed 10 cxpose thc medulla oblonga'a The caudal part of the cerebellum was gently elcvaled to visua hze the forth ventnele and a Hamllton mlcrohter synnge was advanced towards the 10 FOT ralS. Ihe mlcrohter synnge was mserted to a dcpth ot 2 7 mm through the mldhne 01 the open mg 01 thc obex angled fo rward at .In angle 01 5~ A slml ldr .tpproach was used tor the first cat Thc ~y nnge w.t\ Inserted 1 mm lateral to the obex. anglcd 45° forwdTd dnd advanced 7 mm bc10w the bram~tem surfacc A second cat recelved an HRP InJectlOn mto thc latem l gcmculatc nueleus The syrmge was ;,tercotaxlc.tlly gUided wlth referencc 10 the atlas of Berman ' .
• md It" fmal posit ion was determllled by elcctrophyslOloglcd l recordmg of visually evoked dCtlVlty In tbe monkc y. the 10 was approached stereotaxlcally accordmg to the atlas of Snyder and Lee 31 wlth a synnge angled forward 45° Tbe rats recelved 0 I 111. thc Colt<; dnt! monkeys recelved 0 2 p i of d 30% H RP solullon In 2% dlmethylsulfoxlde (DMSO) m dlSlllled wdter AI[ IßJectlOns were made ;,lowly ovcr a penod of20 mm Followmg a sUTVlval penad of 72 h after an mJcctlOn mto the 10, and 45 h after the mJeelion mto thc gemculate body, the amrnals were deeply ane<;thctlzed and perfused transcard13lly wlth the followmg solutlons (I) 1 hter Rmger (0 9% NaCI) wlth 0 1% Novocam at 37°C, (2) 3 liters of a fixative eonslstlng of 1% paraformaldehyde and 1 % glutaraldehyde In OlM phosphate buffer (pH 7 4) at 4 oe and (3) (6) Furthet stabllize TMB for 5-H mm wlth DAß-Co as descnbed by Rye et al ~ prt:pare <I sol~tlon of 50 mg DAB m 100 ml 0 I M phosphate buffer (pH 74), and whde sttrnng slowly add 2 5 ml of a I % cobalt acetate solution dropWlse , followed by addJllOn of H 2 0 Z (for a fmal dilution ofO 01 % HP2) (7) Rmse 5 tlmes m cold 001 M phosphate-buffered sa hne (PBS). pH 73 After completion of the HRP reaction , thc free· fl oating sections werc processed for GABA·immu· nocytochemistry using the unlabeled antibody pcroxidasc.antiperoxidase (PA P) method l2 • Sections were first incubated in 10% methanoll3% H 2 0 Z 10 deslroy the remaining activity of HRP and endogenous peroxidases. Non·specific background slaining was sup' prcssed incubating the scctions for 30 min at room temperalUre in 10% normal swine serum (NSS) with 0.5% Trilon X-IOO in PBS . Then the sections were incubated for 12-16 h in a solution at4 oe containing rabbit anli·GABA serum (Immuno Nuclear Corp) diluted 1:3000 in PßS containing 5% NSS and 0.5% Triton X·IOO. The specific antigen was labeled by subsequently incubat ing the sections in swine anti· rabbil IgG (Da kopaus) diluted I: 100 in the same so· lution fo r 1 h at room temperature (RT) , and in rab· bit PAP (Dakopaus) diluted 1:50 in PBS for 1 h at RT. The P AP complexcs were visualized by a 5-IO min incubation in the fresh ly prepared solution con· sisting of 0.05% DA.B in 0.05 M Tris·buffered saline (TßS) , pH 7.6 and 0.01 % H 2 0 2 0r by 20-30 min in· cubat ion using the DAß·glucose oxidase method of hoh et aL 15 without cobalt. As a eontrol , same sec· tions were incubated in a solution in which the pTi· mary antibody was replaced with normal rabbit se· rum. After rinsing , mounting and drying, alternate sections were counterstained wilh 0.1 % Cresyl violet before dehydrating and coverslippi ng.
The double· label method resulted in homogeneous brown labeled GAßA·positive cell struclures and granu lar black·labeled retrogradely transported IIRP conlained in neurons. The two labels were clearly distinguishable from one anOlher by color and appearance of the reaction product (Fig. 1) . GABA· immunoreactivity was fOllnd primarily in cell bodies and punctate profiles determined from elcctron mi· croscopic studies to be axon terminals 24 . Due 10 lim· ited abilily of the antibody to penetratc the lissue GABA·positive labcJing is restricted to lhe outer 8 .um of the sect ion's surface. As a control , we firsl ver· ified two critical points: ( 1) both markers can bc inde· pendently demonstratcd in the same cell, and (2) GAßAergic lerminals can be distinguished on retro· gradely labeled cells. For the first point we per· formed the conlrol experiment described by Fitzpa· trick et a1.
7 . The neurons of the perigeniculate ou· deus are known to be GABAergic and thcy project to Ihc hileral geniculaIe body. Following injections of HRP inlO the lateral genicu late body of a cat, we were ablc to demonstrate GAßA·immunoreactivity in rctrogradely labeled cclls of the perigeniculate nu· deus (Fig. JA) . To provc the second point, we exam. incd the large cells in thc intermediate layers of the superior colliculus which were relrogradc1y filled with HRP aft er 10 injections. These neurons receive a substantial input from the substantia nigra pars reti· culaia ul . Lu et al. 17 have demonstrated Ihat these terminations Are glutamate decarboxylase (GAD) im· munoreactive. Fig. IB shows a rel rogradely labeled neuron in the intermediate layer of the cat's superior colliculus out lined by numerous GABA·immuno-reactive tcrminals. These Icchnical conlrols vcrify the validity of our observations concerning cells in the prelectum . tn our material, in ral , cat and mon· key the distribution or GABA·immunoreac!ivc neu· ronal somata and terminals in the vicinity of retro· gradc1y labeled preteetal cells resemblcs that observed In prevlo us studles usmg antibodlcS to GABA 21 o r to the syntheslzmg enzyme glutamate decarboxylase (G AD)9 19 J~ (Flg I D-F) In no case dld we fmd any NOT or DTN ne uron labeled for both the prescnce of Ira nsp0rlcd HRP a nd GABA-lmmunoreactlvlly Measu reme nts 01 ce ll body a reas In thc NOT rcvcaled tha! m rat as weil as cat, GAßA-posllive neuro ns are ~l g Ol fl ca n!ly srnaller than retrogradcly labeled cells In the same SCC! lon (V-lest. anee 01 stalOed GABA-poSll1ve te rm mals I:' rest neted 10 the ~urface 01 the scellon and the refore the exammallon , 100. Tl O attc mpl has been made 10 sysIcmallcall y qUd nllfy the num be r of GABA-pmlllve term mals assoclated wl!h NOT n e uron~ proJect lOg 10 the 10 These rcsulls were crHlcally dcpendenr upon the 10 rmuldt l01l of thc new Iwo-step procedure for stablhzmg thc TMB-HRP reactlo n product Smce thc TMB-reacllOn prod uct IS no rmally unsldble Iß neuIral butfers. subsequent Immunocytochcmlcal ~tam mg usua lly Cduses a marked 10'>5 of rcaClIon product Thls dltflculty w .. s overcome uSll1g the ~t ablh za tl OIl prolocot of Rye CI .. I .!5 . comblOlIlg the ~c n slll vlly 0 1 TMB wlt h the s.tabll ll} of the DAß-rCdctl on pmduct Furthcrmore. wc tound that the preced mg mcuba-1I0 n ~t ep wlth 5C,( A HM~ ~II prevc nted the los<; ot TMB-redellon produci prevlously ob~e n' eJ dunng the short DAß rcact lo n Dur resulls spcclflca lly dl~p rove thc hypothe~I~I~ Ihat thc NüT· DTN cclls <;end a GA ßAergic proJectlOn to thc 10 Smlll,lT double label lOg ~Iud l es wllh IIRP mJccllo n ... 1010 Ihe MTN o r cont r"la leral NOT ~h o ul d bc pertormcd to pOint o ut whe lher the reclprocdl connectlOm bctween the NOT :111<1 olher prctcctal ,md dccc<,~o ry optlC nudel <irc GABAergic Such mhlbllory mlcraCllom are d<;'umed to contn bute to the dlSt lllCt dlrc('tlon ,e lectlvll\ 01 ncurona l populations m the~c nuckl Thl<; work wa5 ~upported by Grdnts DFG Ho 450117 and For~ch un g~sc hwerpun kt 24 01 Ihe ~ta t c uf ß ddc n-Wucrnemberg We Ihank the membcr~ ol lhc Departme nt of CllOlcal Morphology lo r theJT J...md tcchmcal help. Dr R Enckson tor cntlcally readlOg the O1 a nu~eT1 pt a nd C DIst ier fo r typmg 1\
